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ABSTRACT 

This paper provides an overviev of selected 
siiulation aodels pertinent to the probleas of educational facility 
planning. Eiphasis is placed on computer siiulation aodels partly 
because of the greater potential utility of computer siiulation 
■bdels in coaing to grips vith facility planning problems • The 
overall objective is to docunent the state*of-the*art in siiulation 
research as it relates to the planning of educational facilities and 
to help adiinistrators and planners assess what siiulation can and 
cannot do for thei. The use of siiulation lodels for school 
facilities planning has lagged far behind their use in other fields. 
This lag is no doubt a consequence of the current state*of-the*art in 
-SjChOjol__fac_il_ities planning nith its^hea^vy^eipjLa^^^^ check lists and 



procedural guidelines at the neglect of the icdel building approachT^ 
Consequently, it can reasonably be expected that as the field of 
educational facility planning becoies lore systeiatic and scientific , 
the use of siiulation lodels vill increase. A selected bibliography 
of simulation vorks pertinent to the probleis of educational 
facilities planning is provided in four parts: (1) general vorks, (2) 
university planning, (3) school planning, and (4) urban planning. 
(Author/HLF) 
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FOREWORD 



Modem-day educational planners face an extronely difficult task of 
providing quality education to large masses of urban students in the 
face of decreased revenues, soaring costs, shifting populations, and 
chongii^ educational programs. Such a challer)ge requires that a far 
greater emphasis be placed on planning for schools than has been the 
case to date and necessitates the development of iinproved techniques 
specially designed for educational planning. 

Ptoject Simj-School is intended to provide an action-oriented organiz- 
ational and functional framework necessary fca? tackling the problems of 
modern-day educational planning. It was conceived by a task force of 
the National Gomnittee on Architecture for Education of the /merican 
Institute of Architects, working in conjunction witih the Council of 
Educational Facility Planners. The national project is comprised of a 
network of conponent :centers located in different parts of the country. 

The main objective of the Chicago component is to develop a Center for 
Urban Educational Plannii\g designed to bring a variety of people- 
laymen as well as escperts—together in a joint effort to plan for new 
forms of education in their ccnniuhities. Tbsa Center is intended to 
serve several different functions incliiding research and development, 
investigation of alternative strategies in actual planning protdens, 
connrmity involvement, and dissemination of project reports. 

During the past few years, simulation .models have been utilized in a 
variety of fields. The range of existing work varies substantially, 
not only in the types of problems tackled, but also in the approaches 
utilized, the level of sophistication attained and the results obtained. 
This paper, ^Mch vas prepared during the first year of ftoject Simu- 
School, provides an overview of selected models pertinent to 
educatic^tal facility planning* Hie work was undertaken as a first step 
in investigating the f^^ibility and the trtility of developing Simula-* 
tion models for facilities planning. It is being disseminated in the 
hope that it will be of ume use to researchers and planners considering 
further-applications of^siTailjation-mod^s. 



Joseph P. Hsmnon 
Project Director 
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REVIEW AND BIBLIOGRAPHY* 



!• INTRODUCTION 



Simulation » in the broadest sense of the vx>rd» is a technique vMch 
attenqrts to develop a working analogy j, or a model, of a real-world 
situation and then performs experiments or manipulations on the model* 
This definition of simulation is e}ctremely broad ^ however, and may 
very well include such seemingly unrelated phenomena as war games, 
business managenp n± games, wind txmnel tests of aircraft, simulated 
lunar landings, u^imulation of rush^-hour t33affic at a busy intersection, 
etc. Consequently, the following more restricted definition of 
simulation is adopted h^?e because it provides a more appropriate 
description of the kinds of models dealt with in this paper. 

A simulation of a system or an organism is the operation of 
a model or simulator vMch is a representation of the system 
or organism. The model is amenable to manipulations which 
would be impossible, too expensive, or impractical to per- 
form on the entity it portrays. The operation of tite nodel 
can be studied and, frcm it, properties concerning the 
behavior of i±ie actual system or its subsystem can be inferred. 
(Shubik, 1960, p. 909) 

Ihere are two different types, of simulation models of particular 
interest to facility planners. Ihe first type consists of Bimulation 
gmes^ vdiich refers to those simulations in which a given situation is 
formalized into rules of a game and the play is carried out using 
strategies and tactics typical of the real world. Most often, it is 
a role-playing exercise characterized by some form of conflict of 
interest among players. Generally, the goal for each player is to 
obtain control over the limited resources available. Hie overall 
purpose of such simulations is to depict the behavior pattern diarac- 
teristic_cljaifferent roles JLn--specific--sit^ and to identify the - 
kinds of interactions, strategies, and ccmpramises necessary for 
decision-making. 

The second broad class of simulation models, computer eimulationas 
consists of ±bose models which attempt to replicate a ispecific real-- 
world situation. A variety of infoonnation describing liie situation is 
provided as input to a computer. Ne}rt, functional relationships among 
variables peortaining to the input information are provided (usually 
mathanatically) together wi*^ some predefined and cxmsistent r^ 
manipulating these variables. Finally, tiie model is pi^^ 
by prograimung for solution on an electrcmic ccngwter. 

Ccnpiter simulations can be further divided into two groups: determin«» 
istic models and probabilistic models. A detexminisHa model is one 

*An extended version of a paper presented at the Elf^enth Annual Meeting 
of the Metropolitan School Facilities Plan^^ 
Wisconsin, May 4-5, 1972; 



vAiidh does not allow for chance variation. Each event in the model 
occurs with coniplete certainty. A probdbilietio model, on the other 
hand, allows for chance variation in the model by incorporating the 
probability of occurrence of ^ch event. This is most often accom- 
plished by using the *'^bnte Carlo" techniques in v/hich the values of 
a given variable are randonly selected from a probability distribution 
of the variable. Because of randan sampling, the outcomes of a Monte 
Carlo solution generally differ for repeated runs for the same inputs 
and a large nundber of iterations are required to poroduce an ^'average" 
or a "typical" solution to the problem 

Fran tiie preceding discussion, it becomes clear that simulation games 
are quite different from ccixiputer simulations, both in structure as 
well as objective. In a simulation game, different moves are invented 
"on the spot" and are constrained only lay the rules of the game and 
the characteristic of each role. In computer simulation, there are no 
live play^s and each move is preset and prqgranmed into the model. 
Recently, some attempts have been made to combine gaming simulations 
with computer simulations to obtain what are genersily referred to as 
"man-machine simulations" or simply computerized gaming simulations; 
but these models soon become very complex arA cuihbersome. 

Kibel (1972, pp. IH-IS) has summarized the differences between Simula- 
tion games and computer simulation models in the following words: 

1. A computer simulation can perform hundreds of runs 
(sequences of inputs, moves, and outcomes) in minutes, 
^Aiile a gaming simulation may take hours to produce 
one run. 

2. A computer simulation by virtue of its speed can con- 
tinually test a situation until a de^tr pattern of 
outcomes emerges; a gaming simulation can only be run 
a few times, and no consistent results may emerge. 

3. In a short time interval, various assumptiions and 
hypotheses can be tested with a ccmputer simulation; 
^A^reas only one or a few can b^ tested with a gaming 
simulation. = ™ — > 



H. The creation of a computer simulation requires a clearly 
stated and well understood "theory" of behavior; the 
creation of a gaming simulation model requires only a 
set of behavior characteristics of an institutional 
framework, ard does not require a theory integrating 
these characteristics into rules of action. 

5. In computer simulation, ^here is lit'tle or no action 
with the model as it performs its programned stops; in 
gaming simulation, both the creator of the game and the 
participating players are actively engaged in a leazTi- 
ii>g process during the actucd r\innij>g of the simulation. 

6. (Computer simulation tests hypotheses and assun^ions 
for validity and uses empirical data to verify the 



results; gaming simulation studies behavior and role inter- 
action 9 and its success depends less on its results than on 
the experiences gained v^dle playing the game. 

The remainder cf tJiis paper is devoted to a review of selected sin'iula- 
tion mcxlels pertinent to educational facility planning. Dnphasis is 
placed on cofrputer simulation models partly because of the greater 
potential utility of computer simulation models in caning to grips 
with facility planning problems, and partly because reviews of the 
applications of simulation games are already available. The cverall 
objective is to document the state-of-the-art in simulation research 
as it relates to the planning of educational facilities and to help 
administrators and planners assess ^^t simulation can and cannot do 
for them. It was undertaken as a first step in investigating the 
feasibility and the utility of developing simulation models for 
facilities planning. The presentation here is not an all-inclusive 
survey; but, hopefully, it illustrates the kind of work carried out 
to date. References to several works which are not treated he3?e, but 
\^ch have substantial relevance for facilities planning, are included 
in the bibliography. 



II. REVIEW OF COMPUTER SIMULATION MODELS 



Computer simulation techniques have been applied to a wide variety of 
problems in a variety of fields. The applications most pertinent to 
the problons of educational facilities planning come from the fields 
of urban planning, and, of course, educational planning. As might be 
expected, such applications diffei'> substantially in their overall 
objectives, the sophistication of the approaches utilized, the scope 
of the problems tackled, and the depth of the analyses carried out. 
Consequently, it is necessary to divide the models reviewed in this 
section into two broad categories: (A) apeoial purpose, small scale 
models which model a single specific aspect of the planning problem, 
and (B) oompreheneive and large scale models which model many facets 
of the planning problem in a single model or a set of interconnected^ 
models. Each category is in turn subdivided into functional categories, 
pertinent to educational facilities planning. 



A. Special Purpose Models 



CJanpater simulation techniques have been applied to a wide range of 
pfToblems pertaining to educational facilities planning. They include 
topics such as enrolljnent projections, schedules of building construe- 
tion, simulation of construction costs, evaluation of alternative roan 
layout designs, forecasting space needs, forecasting student course 
selections and schedules, determination of bussing routes, adjustment 
of attendance area boundaries, simulation of acoustic characteristics 
of buildings, impact of alternate resource allocation strategies, etc. 
Such applications have generally been carried out in a diversity of 
fields and often have approached the problem from a point of view not 
directly relevant for school facilities planning. Hence, it is 
necessary to classify studies reviewed in this section into functional 
categories pertinent to facility planning. Four categories are identi- 
fied: 

1. Simulation of Space Needs. 

2. Simulation of Student Enrollments r 

3. Simulation of Population Movements. 
Simulation of Peripheral Urban Growth. 



1. Simulation of Space Needs . 

The majority of previous work dealiJTg with the detennination of space 
needs for educational facilities has traditionally been based on simple 
space--per-student ratios and experienced judgpient. Attention has 
usually been confined to general classrooms of standard size, accom- , 
modatijng a set number of students and of special education rocms. The 
school schedule is generally forced to acccnniDdate itself to the number 
and the kinds of rooms available rather than to the educational program 
desired. Little attention has been paid to designing space patterns 
according to the activities in which students are engaged. However, 
recent moves toward individually prescribed instruction (IPI) has 
required a sh ift fr om the rigid_pattem_of Jtrodi learning spaces . 

Since space needs are subject to variables such as student enrollment, 
activities selected by students, and the activities' pattern of 
occurrence, all of which are subject to chance variation, ccmputer simu- 
lation is a viable approach to the problem. 

Banghart etal. (n.d.), working at the Educational Systems and Planning 
Center of the Florida State University, have developed a simulation 
model for projectii^g student module requirements based on activities in 
vMch students choose to participate. A student module is defined as 
the space and resources required to maintain a student in a given 
activity at a particular time. The simulation model consists of four 
basic operations: 

1. Calculation of probabilities and cumulative distributicms of 



(a) student selection of activities 

(b) number of time modules required per activity type 

(c) number of selections per student 

2. Development of student course selections and correspondang 
number of tinne modules by a random process fzm distributions 
(a) and (c) above* 



3, Utilization of a heuristic algorithm to generate student 
modules of each activity type by scheduling each student into 
one of his selected activities for each time period of the 
"phase." Phase is the number of school days r*epresentij>g the 
total pattern of activities occurring vdthin the school. 

4. Calculation of the activity type utilization factor UFi and 
tiie overall space utilization factor DT usii>g formulas (1) 
and (2) below: 

K 

Z sijc 
UFi a ksl 

(1) 

vAiere 

UFi is the utilization factor for student stations 
in activity type i. 

K is the total number of time periods in the phase. 

^ik ^ total number of student modules of activity 
type i occupied in the kth time period. 

Si is the maximum number of student mcxlitles available 
in activity type i per time period. 

The overall space utilization factor is then calculated as the 
mean of the activity type utilization factors . Thus » 



N 

OF s nJFi 

i=l 



(2) 



v^iere 



tF is the overall space utilization factor. 

N is the total number of activity types in the school. 

Opezations 2, 3 and H are repeated over a designated number of iterations 
to determine the required nuniber of modules for each activity type along 
vdth the associated utilization factors. In this way, the decision-^naker 
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can choose the configuration representing the "optimal" utilization. 

Ihe sijiulation mcxlel vgas tested using data firam the Florida State 
Uhiversity Hi^ School. Program inputs consist of the items listed in 
Table 1. The output consists of: (a) the probability distribition of 
activity requests, (b) the probability distribution of the mnrber of 
selecticais per student, (c) the distribution of the number of time^ 
periods per activity by activity type, (d) student activity selections 
generated, (e) utilization of student modules per period ty activity 
type, (f) number of student modules and total square footage required 
per activity type, and (g) utilization factors by activity type and 
overall. Table 2 shows a sunnary output. 



TABIi: 1 

MODEL INPUrS FOR THE 
FLORIDA STAIE UNIVERSm HIGH SCHOOL FIEID-TEST 



1. 


Total number of students = 337. 






2. 


Total number of time modules/day = 


28. 




3. 


^Length of phase = 5 days. 








Nine activity t>pes defined as follows: 






Activity Type 


Definition Sq. 


Ft. /Student Station 




1 


General clciss 




15.00 




2 


Art 




20.00 




3 


Home Eoaxmics 




20.00 






Shop 




30.00 




S 


Science lab 




30.00 




6 


Business Education 




20.00 




7 


Music 




15.00 




8 


Gymnasium 




100.00 




9 


Learning Resource 




40.00 



Source: Based on Banghart et al* (n.d.), p. 20 



TABLE 2 



SUMMARY DATA FOR CONFIGURATION 1 ITERATION 1 





•CTXVXTt TVPC 
1 


STUDENT STATIONS TOTAL SPACE 
20-3 lOliSOOO 


UTILIZATION FACTOR 
.83<t 


2 
3 


31 

20 


620.000 
WQO.OOn 


.576 

.5iq 


<» 


10 


300.000 

mvo.ooo 


.591 
.700 


6 
7 


iq 

36 


3110*000 
5W0.00R 


.5<»9 
.667 




51 


HSOO.OOO 
20W0.000 


.605 
.6li2 




TOTAL UTILIZATION 


FACTOR « 


.6«0 




UTILIZATION FACTOR EXCLUDING 


LEARNING RESOURCE AREA 


• 6H0 



Source: Banghart et al, (n.d.) p. 25 



Banghart et al * (n.d.) have carried out the state-of-1iie-art in pro- 
jecting space needs one step beyond the use of fixed space-per-student 
activity selections. However, tlie model is largely dependent on beiiig 
able to calculate probabilities and cumulative distributions of (a) 
stident selection of activities and (b) the number of selections per 
student. These calculations require that freqaenqf distribution of 
student activity selection can be provided as an input. It would be 
interesting to investigate how far in the future past frequency dis- 
tributions can help to predict future patterns of activity selection. 
And v*dle the final output of the model does provide a figure for the 
number of square feet of space required for each activity type, it 
falls short of providing projected reeouree requirements, an integral 
part of a student module as defined by the authors. It should also be 
noted that student enrollment is required as an input to the program. 
In a subsequent study, Ban^iart et al . (n.d. ,a) have developed a 
detenninistic sjjnulation model consisting of two linked prc^rams. The 
first program utilizes a modified cohort-survival technique for 
generating enrollment projections, v^ile the second determines space 
needs and the associated costs. However, there is no documentation of 
its use-testing to date. Bre^ (1973) has initiated an extension of 
space projection research for elementary schools by taking :into account 
individualization of activities and the potential for an activity to 
distract other ongoing activities; hcwever, the work has not been comr 
pleted at the time of writing this report. 



2. Simulation of Student Enrollments 

Accurate projections of student enrollments have consideral^ impact 
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on tlie quality of educational service porovided by a school- system. 
Iheir significance is obvious in the case of facilities planning vAiere 
oonstruction decisions based on inaccumte projections can result in 
a wasteful escpenditure of several millions of dollarfi. less obvious, 
but equally important, is their effect on resource allocation, cur- 
ricular program and learning itself. As a result, rdost school systems 
pay~or should pay— considerable attention to the task of projecting 
student enroUjnents. \ 

Ihere is a considerable body of literature dealing with methods of 
maldng small area population projections. IWo recent reviews are pro-- 
vided by Atchley (1970) and Moorrison (1971)-, a review of the methods 
most frequently used for projecting student enrollments are provided 
by Jaffe (1969). Ihere is general agreement among these reviewers 
regarding the types of factors to be considered in making projections; 
included are birth rates, dropout rates, migration trends, transfers 
between public and private schools, number of dwelling units, etc. 
There is also agreement regarding the imnense difficulty involved in 
makirig aoaurate projections; most writers mention lack of an adequate 
data base, difficulty in estimating future birth and dropout rates, 
and, of course, the basic uncertainty accompanying residential mobility 
neighborhood change, and external economic conditions. In the ligiht 
of these problems, a considerable amount of recent research effort has 
been directed toward developing computer simulation models for project- 
ing student enroUments. such models are briefly reviewed in this 
section. 

The first model, designed by Siddiqui and Zaharchuck (1970), is 
essentially based on two equations: 

Population (future) = population (present) ^ births - deaths 

^ net migration 

Enrollments (future) = f[popilatic»i (future), age ccniposi^ion 

(future), participation rates (future)] 

The model consists of four separate operations: 

Operation 1: Rroject live births for 1966-86, or any 20-year 

period. live births in any year depend upon fertility 
rates and the number of females aged 15-49. Hence, 
estimates for future live births reqidre: (a) pro- 
jection of the female population aged 15-4S by jingle 
year age groups for every year of the projection 
period, and (b) projection of age-specific fertility 
rates by five-year age groups for every year of the 
projecticm period. The followii^ procedure is used 
to estimate: 

(a) female population aged 15-49 by single year: 

(i) project live births for the base year 
and compute the female live births frcm 
-die results. 
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(ii) age the fcnale population 1-49 by 
single-year age groups, aixi the female 
live birl^s, to obtain the female popu- 
lation aged 1-49 for the second year of 
the projection period; then apply a 
correction for the net migration of 
females by single-year age groups to 
obtain the final female population. 

(iii) project live births for the second year 
of the projection period using projected, 
age-specific fertility rates; compute 
the female live births, and then repeat 
(ii) above. 



If the projected age-specific fertility rates by 
five-year age groups are not available, then the 
program computes them using '^percentage change in age- 
specific fertility rate over time" based on data 
inputs for the expected percentage change in each 
group and on the year for each age group up to vghich 
the change is effective. 

Operation 2: Ccmpute enrollment projections based on grade sundval, 
one for each live births estimate. Estimates for 
future grade-survival rates are deduced by examining^ 
trends of past grade-survival rates in conjunction with 
policy decisions of the educational system. Estimates 
for either donstant or variable grade-survivcG. rates 
mo^ be used, as input to the program. 

Operation 3 : Make population projections by single-year age groups 
(ages 1-24) for the period 1967-86, using projected 
live-births estimates and population by single-year age 
groups for the base year, 1966. Estimates for either 
constant or variable, life table coefficients are pro- 
vided as input to the program. 

Operation 4: Compute enrollment projections based on "population 
participation-rate mritrix method" iising: age/grade 
distribution, estimtes of projected population by 
single-year age groups, and targets of the participa- 
tion rates for the various age groups v:ithih the 
educational system. The "population participation- 
rate matrix method" is based on the assunq3ti£>n that 
students in a grade vary in age within certain limits, 
which is a reasonable assuinption over the short run. 
The distribution of students by age and grade is 
needed as input data. 



The data inputs for each operation are listed in Table 3. 

The nxxlel developed by Siddiqui and Zaharchuk (1970) is fully operational 
and is in such a fom that educational planners and administrators. 
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TABi£ 3 

DMA REQUIREMENTS FOR Sir©IQUI AND ZAHARCHUK MODEL 



Operation 


Data Required 


1 


Life table fcft fenole populaticm aged 1-50, by 
single-year age groups. 


1 


Female population aged 1-S0 » by single-year age 
groups* 




Annual net migEation of fenBles aged 1-50, by 
su>gle-year age groups. 




Age-specif 10 fertility rate. 




Percentage in age-specif ic fertility rates for 
each age group. 




Year for each age group up to i^ch the change 
is effective. 


2 


Live births for previous 6 years. 


2 


Previous yearns actioal enroUxnents. 


2 


Grade-survival rates. 


3 


Total population aged 1-2^ » by sij>gle-year age 
groups. 


3 


Annual net migration, by six>gle-year age graaps, 
<^ total population aged 1-2H. 


3 


Life table for total populatim aged 1-2^, by 
single-year age ffc^spSu 




Age/grade distribution. 




Participation-rate targets for each age group, 
startix)g from age 1* 



Source: After Siddiqui and Zahardiiik (1970), p. 236 



regardless of their ccmputer experience, can use it easily. It con- 
tains many built-in flexibilities and can be used as a labor-saving 
device to investigate tiie effect of changing the input parameters. 
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However ^ there are some ca?itical limitations. In the first place, the 
nodel has a very siji5)le conceptual structure based on a variation of 
the cohcart-survival metlxxl vMch of f ers little that is new to deraog- 
i^aphy. It is little mor'e than an elaborate computer program with many 
built-in flexibilities. Secondly, the authors indicate that the model 
was used by a school district in Canada, but the perfonnance results 
are hot given; hence, the predictive accuracy of the model cannot be 
determined. Thirdly, the model is rather briefly reported; it is 
difficult to assess the efficacy of any of the many estinates and pro- 
jections required as inputs to the program. For example, it is not 
clear how migration estimates are made. Finally, the model requires 
extremely detailed data inputs as indicated in Table 1. Generally, 
these data are not readily available. 

Deiiham (1971) has ptwided a simulation model for enrollment projection 
that hcis two interesting features: first, it uses Monte Carlo tedinique 
to incorporate chance variation, in the model; second, by providing a 
figure for tbe probability associated with each projection figure ^ it 
indicates the degree of uncertainty in the projection figures. 

Dehham's Monte Carlo model is essentially a variation of a basic multi- 
variable method illustrated in Figure 1. Ihe method was modified to 
require separate **hi^," **mo&t lilcely,** and "low estimates for each 
variable affectij>g school enrollment: births, migrationfi, retentions, 
transfers to and from public schools, school dropouts, and deaths. The 
high and tiie low estinates represent the limits of 98 percent 
confidence interval. Itebability distributions were developed frcxn 
these estimate figures. Ihen, a Monte Carlo simulation p rog ram was 
used to drOM random san;>les from the probability distributions and 
combine them acconiijig to the multivariable method to g^ierate pre- 
dicted enrollments and their corresponding probability of occurrence. 
A sample output is provided in Table 4 . . 

The model was field-tested using actual and projected enrollment data 
for Brockton, Massachusetts, a city with a 1965 population of 83,^99. 
The results of the field test indicate that the model gives mora 
accurate results compared to the ^'percentage of survival metiKxl** and 
the non-simulation multivariable method used by the City of Brockton. 
Unfortunately, an adequate test of predictive accuracy, througih a 
ccmparison of actual student enrollments in Brockton with the enroll-* 
ments predicted by the model, was ix>t carried out; hence, it is 
difficult to assess the predictive validity of the model. 

Dehham*s model is fully operational and all the necessary computer 
programs are available to any interested, user. Incorporation of random 
variation into the model and provision of probabilities associated with 
predicted enrollments are two good features of the model; however, thie;; 
model edso has serious shartcomings. First, the model falls short of / 
tx\ily incorporating xmlom variation. The present model requires three 
estimates for each input variable ^Mch are used to develop probability 
distributions lAiich are tiien used to introduce random variation into 
the model. Utilizing some of the input variables themselves as random 
variables wa.dd be conceptually more satisfactory. Second, it is 
questionable whether probabilities showing the degree of uncertainty 
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ENROLLMENT 
PREVIOUS YEAR 
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NET TRANSFERS 
FROM NONPUBLIC 
SCHOOLS 



ENROLLMENT 
PREVIOUS YEAR 
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ENROLLMENT 
PREVIOUS YEAR. 
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PROPOJtTION 
RETENTIONS 
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iNStitUTiONTLfZATION 



ENROLLMENT 
PREVIOUS YEAR 
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DROPPING OUT 
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PREDICTED 
ENROLLMENT 
THIS YEAR 
AND GRADE 



Figure 1 

Hiltivariable Model Used Denhenn 



Source: Denham (1971), p. 38 
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TAB1£ 4 

SAMPIZ OUITUr OF THE DENHAM MODEL 



PROBABILITY THAT TOTAL ENROLIMENT IN GRADE 2 IN 1975 
WILL BE LESS THAN THE SPECIFIED PREDICTED ENROLIMENT 

PROBABILITY PREDICTED ENROLLMENT 



.05 


1899. 


.10 


1991. 


.20 


2042. 


.30 


2103. 


.40 


2177. 


.50 


2234. 


.60 


2277. 


.70 


2351. 


.80 


2384. 


.90 


2464. 


.95 


2561. 



PROBABILITY THAT TOTAL ENROLLMENT IN GRADE 2 IN 1975 
WILL BE GREATER THAN THE SPECIFIED PREDICTED ENROLLMENT 

PROBABILITY PREDICTED ENROLLMENT 



.05 


2561. 


.10 


2464. 


.20 


2384. 


.30 


2351. 


.40 


2277. 


.50 


2234. 


.60 


2177. 


.70 


2103. 


.80 


2042. 


.90 


1991. 


.95 


1899. 



Source: Denham (1971, p. 99) 
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would be nore useful to planners and administrators than the conven- 
tional "optimistic" and "pessijnistic" predictions. It is also 
doubtfiil v^ther the average planner and administrator mild be able 
to use such probabilistic input since the bulk of planning is still 
procedural rather than analytic and quantitative. Third, the accuracy 
of the model largely deperds on the choice of the multivariable model 
(for \*iich little justification is given) and on the accuracy of the 
three estimates for each input variable. Developing good estimates 
for the kinds of input variables used in this mcxlel is no easy task. 
Fourth, and perhaps tlie most serious shortcoming of this model, little 
justification is shown for the assumpticai of either statistical 
independence of tiie input variables or the use of beta and normal 
probability distributions. Rxrther research needs to be carried out 
on the nature of input variables and their relationships before such 
assumptions can be made. Finally, the model, vMch has been use-tested 
only for Brockton, Massachusetts, has limited geneality. Additional 
tests are necessary to demonstrate its performance for a diversity of 
cities. 



3. Simulation of Urban Pbpulation Movements 

Residential mobility is an important characteristic of modem-day urban 
America. It is estimated that approxiiiBtely 20 percent of the popula- 
tion of the United States changes residence every year, axxi that 
roughly half the people change their place of residence at least once 
within a five-year period. Ihus, intra-urban migration plays an 
important role in changing the character of urban nei^ib^hoods arxl is 
the major cause of changes in demand for educational facilities. 

During the past few years, considerable research effort has been 
directed towards an understanding of the nature of residential mobility 
and has produced seveanal insigfhts. Excellent reviews of the work to 
date are provided by Sinmons (1968) and Moore (1972). Simmons has ably 
syntiiesized much of the work to date in terms of three basic questions 
relating to intra-urban mobility: '^Jho moves?", '•Why do they move?" 
and •'Where do they move?" '"Why people move'* is the question of particu- 
lar interest in tMs section.^ Most work dealing with this question has 
investigated the correlation between a variety of social factors and 
the propensity to move. Results indicate ttaoee factors as i m portarit; 
(1) stage in the life cycle with respect to the growtii and decline in 
family size and the life style; (2) socioeconanic status, defined in 
terms of income, occupation, and education; and (3) segregation, 
representing religious, ethnic, or racial change. The last named factor, 
in particular, can often create dramatic changes in the neighborhood 
character, hence, it is of special interest to the facility planner. 
Perhaps the most iii^)ortant eKanxpla of this is constituted by the 
••invasion" of v^te neighborhoods by blacks. With increasing black 
migration, the composition of a vMte neighborhood reaches the "tipping-^ 
point^' (generally around 25 percent black) after which the transition 
r^te increases rapidly imtil the neighborhood becomes almost entirely 
black. The consequences of sudi drastic populaticr. shifts for educational 
facilities are clLL too familiar to the facility planner. A ^od case 
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study of changijig population and its Impact on school enrollinents has 
been documented by deVise (1970) • 

Morpill (1965) has developed a sinulation nodel of ghetto expansion 
^ich could be utilized as a planning tool in predicting urban popula*- 
tion shifts* Ghetto expansion is conceptualized as a spatial diffusion 
process in v^ich Negro migrations gradually spread into a surrounding 
^te a3?ea. The model incorporates natural increase of the Nqgro 
population; Negro .iimdgration into the ghetto j the nature of resistance 
to Negro out-migration and its relation to distance; and the population 
size limits of destination blocks. It is operationalized as follow: 

ppes:>ation 1: Tate into account the natuz>al increase in Negro 
population for each period at the observed rate. 

Operation 2: Assign immigrants into the study area at the **observed 
mean rate*' at the begixviing of each period. These 
are assigned using randcm numbers in such a vay that 
the prob^ility of an area being chosen is propor- 
tijmal to its poresent Negro population. 

()peration 3: Assign internal migration at a specific rate during 
each period. Ihis assagment is acccmplislied as 
follows: 

(a) A movable probability field is superimposed over 
a potential migrants' block (X in Figure 2). 
The nusxibers in each block of the probability 
field indicate the probabilities of a migrant 
moving into those blocks from his origin block. 
Ihe probability field can be moved around so 
that each potential migrant can in turn become 
located at X. Such a probability field is 
derived from empirical observations of migration 
distances. Ihe one shown in Figure 2 simply 
represents a hi^er protebility of moving short 
distances as indicated by three numbers (e.g. , 
^8, ^9, 50) in blocks adjoining X; two numbers 
in the more distant blocks (e.g., 5^, 55); and 
one number (e.g. , 98) in the blocks furthest 
away. 

(b) Select random numbers, as many as there are 
mif^rwts, to choose destination blodcs in 
accordance with the probability field described 
above. Ihe following rules are used to incor- 
porate differential resistance of different 
areas: 

(i) If a random number indicates a block that 
already contains Negroes, the move is 
made immediately. 

(ii) If a random number indicates a block with 
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no Negroes, the fact of contact is 
registered, but no move is made. 

(iii) If additional numbers indicate the same 
block contacted in (ii) in the same or 
the next period, and from whatever 
location, then the move is made, (This 
rule permits a gradual penetration of 
v^ite areeis despite the ^Mte resistance.) 

Operation H : Assign any excess population according to the pro- 
cedures above. Excess population is determined from 
a limit based on zoning and lot size or the number 
of families that may live on a block. 

Operations 1-4 are then repeated for the next and subsequent time periods. 



Figure 2 
A Typical Probability Field 
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Source: After Mcatrill (1965) 



Morrill tested his ncdel by simulating the spread of the Seattle ghetto 
for ten two-year periods fixm I9>i0 through 1960. A ccn^arison of 
Figures 3a and 3b with Figures to and Ud shows a generally close cor- 
respc^ence in the patterns of ^tto expansion. The simulated pattern 
has the right extent (area), intensity (nuRiber of Negro families in 
blocks), and solidity (provision of tMte and N^gro enclaves). A total 
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Figures 3a-b 

Astual Growth of the Negro Ghetto in Seattle 
(a) 19>f0-S0 and (b) 1950-60 



Source: Gould (1969) p. H2 




Figures Hc-d 

Sinulated Growth of the Negro Ghetto in Seattle 
(c) 19i»p-S0 and (d) 1950-60 



Source: Gould (1969) p. H2 
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of mo blocks were entered in the simulation cqmpared to 151 for the 
actual, although block*by-block coincidence vgas obtained in less than 
two-thirds of the cases. An investigation of the discrepancies 
between the simulated and actual patterns revealed that their dif- 
ferences were caused by the model's failure to adequately take into 
consideration the value of licmes and the topography. Sane subsequent 
researchers have extended Morrill ^s work by incorporating into their 
models factors pertaining to the demand, supply, and allocation of 
housing (e.g.. Rose [1970]). However, the bulk of the work on 
simulation of population movements described in this section has not 
been utilized for planning purposes. 



Simolation of Peripheral Urban Qrowrth . 



Hie rapid urbanization in the Uiited States need hardly be labored. As 
the present urban areas expand, they create urgent needs for public 
facilities and it becomes necessary for the planner to investigate the 
form and the process of \jrban growth. In fact, for effective planning, 
it is desirable that the planner be able to evaluate, ahead of time, 
how this growth is likely to be distributed under a variety of alter- 
native assumptions with respect to the critical factors governing the 
process of land development. Chapin aid Weiss (1968), working at the 
Center for lA?ban and Regional Studies, University of Nortii Carolina 
(UNO, have developed a simulation model that does just that. 

Ihe UNC model is designed to predict the spatial distribution and the 
timing of conversion of rural or vacant land to residential use. It 
conceptualizes land development as the result of many private and public 
actions hcfth in the growth of the lirban periphery and in the renewal of 
the inner city. Some of these actions are "priming" actions that 
trigger other "secondary" actions lAiich together result in land develop- 
ment. Based on -tiiese actions, the UNC model can build a new city from 
its inception, say at a crossroad, or it can start with a city at some 
intermediate stage of development and build it further. It is 
operationalized as follows: 



Operation 1: 



()peration 2: 



In order to distribute units of new development to 
the site e)q)eriencing grcwtii, the study area is 
divided into grid cells of a suitable scale (23 acres 
for a city the size of Greensboro, North Carolina, 
the study area selected by tiie authors). 

Each cell is assigned an "attractiveness" score on 
the basis of the following variables: 

(a) Priming variables, which are the kinds of 

variables public policy decisions can typically 
influence: 

(i) Accessibility to work areas 

(ii) Accessibility to nearest major street 

(iii) Accessibility to nearest elementary 
school 
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(iv) Availability of sewerage. 

(b) Conditioning variables, v*iich may be regarded 
as intrinsic characteristics of the residential 
site itself: 

(i) Marginal lard not in urban use 

(ii) Assessed value. 

niese variables were selected after extensive analysis 
of factors contributing to land developed using step- 
wise multiple regression techniques sho^ them to be 
the most important ones. 

Operation 3 : Monte Carlo technique is used to allocate households 
to vacant land. This is acoon^lished by examining 
each grid cell , noting its attractiveness and 
deciding by a correspondingly biased rBndcmizing 
procedura v^ether or not the available unit of develop- 
ment goes there. 

This process is illustrated in Figure 5 vMch shows a 
flat plain wit^ a settlement in the middle cell. In a 
flat plain ) without any CGnnplications created by hills, 
lakes, or other similar features^ each cell adjoining 
the developed cell has an equal d^ee of attractive- 
ness (indicated by a single check mark). During the 
first psiss, three aggregates of hoas<sholds are 
distributed on a randomized basis, '.the secar^ frame 
in Figure. 5 reflects the ^^reassessment" of land as 
a result af the new development. Thst ^'reassessed** 
. attractiveness is based on the predicted effect that 
priming decisions would have on the next round of 
growth. Ihus, for evecy cell adjoining the original 
hatched cell and the three new cells :preennpted by the 
new development, an additional unit of attractiveness 
has been inserted. 

The second pass is made and the land is ^'reassessed** 
again. As the land develops, various priming factors 
such as new roads and new schools are added at 
specific locations and, thus, the model takes into 
account the new attractiveness of the cells affected. 
Tha process is repeated until the forecast date is 
reached. The output indicates the effect of policy 
inputs on the pattern of land development. 

It should be noted tlat the model depends on four kinds of inputs: (1) a 
land supply, (2) an attractiveness for development, (3) a set of priming 
factors, and (4) the total number of residential units to be allocated 
to the terrain. The efficacy of the model was tested in Greensboro, 
North Carolina, by a comparison of the actual growth to the allocated 
growth for the years 1948-60. Table 5 shows that a high degree of pre- 
dictive accuracy is obtained with over four-fifths of the deviations 
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TAB1£ 5 

DEVIAHONS BETWEEN ASSIGNED GROWIH AND ACJIUAL GROWIH, 
BY CEIL, MEDIAN RUN NO. »f2 



ISidexaLlocation 


Overallocation 


No. of 
Deviation Cells 


Percent 


No. of 

Deviation Cells Perceit 


-9 


1 


0.1 


+9 


1 


0.1 


-8 




0.5 


+8 


0 


0.0 


-7 


5 


0.6 


+7 


10 


1.2 


-6 


7 


0.8 


+6 


8 


1.0 


-5 


19 


2.2 


+5 


32 


3.9 


-»* 


31 


3.6 


+4 


32 


3.9 


-3 


79 


9.2 


+3 


71 


8*7 


>2 


174 


20.2 


+2 


206 


25.2 


-1 


540 


62.8 


+1 


457 


55.9 



Source: Chapin and Weiss (1968) p. 385 



occun?ing in cells receiving one- or^^^t^^ 

or above the absolute groi^h observed betw^ 19^8 and 1960. Figures 
6 and 7 provide a visual ccniparison of the actual development in 1960 
with the median outcome of 50 runs of the estimated development in 
1960. 

The UNC JK^el does not take incto account the behavior of land developers 
involving such factors as speculative overjbidding and withholding of 
choice land from the market. In addition, the model focuses on growth 
areas and new residential development, leaving out the declining areas 
and renewed ^processes so characteristic of urban areas today* However, 
considerable research is presently underway vftiich will enable hoth 
these factors to be incorporated into the next generation of residential 
allocation models. 

In evaluating the UNC model, two important points must be made. First, 
the model was developed prinarily to study the dynamics of residential 
growth. Uius, 13ie model is oriented towards theoretical and methodo- 
logical developnents. Nevertheless, it is fijmly attached to a specific 
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Figure 6 




LAND IN RESIDENTIAL USE, GREENSDORO, NORTH CARDUNA, ISM 



Source: Qiapin and Weiss (1965) p. 28 
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Figure 7 




EXPECTED RESIDENTIAL LAND USE, GREENSBORO, NORTH CAROLINA, I960 
BASED ON USE OF PROBABILISTIC MODEL - MEDIAN OUTCOME OF SO RUNS 



Source: Chapin and Weiss (1965) p. 28 
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real-TOTld situation) and can be readily used for empirical wcftk. 
Secondly, tiie model represents the results of almost a decade of steady 
work. As such, the research staff has chosen to develop the model 
through an incranenta]. and evolutionaxv process rather than proceeding 
from a grand desi^ or attempting to assenible severe loosely related 
models (Lee, 1968). Their approach has paid off well. 

Chapin and Weiss (1968, p. 386) have provided a succinct statement of 
the utility of tiieir model in the followiiig words: 

The principal use that can be made of this model in its 
present stage of development is as an instrument for 
studying the effects that selected public policy positions 
can be expected to have on the pattern of residential 
growth. More particularly, it permits the investigator 
to study the implications that different alternatives for 
location and timing in the constmction of s^pnents in a 
tiiorou^are network, a sewerage system and a school 
sy^em, and in tiie develcqment of employment centers can 
have for a pattern of urban growth and the associated 
environmental qualities v^iich go with each alternative. 
These alternatives may relate to variations in the location 
choices of one or more of these four priming elements, 
holding the tii^ing and ijie locations of the otiier elements 
constant* They may relate to timing alternatives, holding 
location constmit} or both timiJDg ecnA location may be 
allowed io vazy, with different timing schemes tested 
with different location schemes. Rirther variations can 
be introduced by modifying density constraints in the 
areas available for residential development. Obviously 
the combinations are extensive and quite varied • 

This type of application places the emphasis cm dif-- 
f e9?ential effects of development policies on the broad 
patterns of growth. If the investigator is more concerned 
with a forecast and fairly accurate estimates of the 
distribution of residential growth tJian with conparwtive 
ejiedyses of different policy positions, then we believe 
the development process will need to be subaggr^ted to 
give the accuracy needed. The methodological groundwork 
for develppix^ the new system of models has been ladd in 
the completed phase of this research. 
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B. Compreheneive Modele 



It is generally reoognized that the planning of educational facilities 
to date has been largely "procedural" and "check-list" oriented. By 
far the greatest emphasis has been placed on the architectural design 
and ti)e construction aspects of the facility itself » at the exclusion 
of variious euspects pertaining to cvex^all educational planning^ and» of 
course» urban plannijig. Recently^ r^pid increases in the size of urbsn 
areas (hence» of educational systemiB) and rapid shifts in their social 
cGRipositions and physical fom have made it imperative for tJie facility 
planner to develc^ plans -that are well*cooirdinated with educational and 
urban {Oanning. In this li^» an overview of sane selected ccn^re-^ 
hensive sinulatlon models is included in this section. Ihe nod^s 
described are divided into the following functional categories: 

1. Sijiulation of Educational Resource Allocation. 

2. Simulation of OGRiiunity Renewal Rrqgrams. 



1. Simulation of Educational Resource Allooation. 

Rising costs of providing urban educational services » coupled witii a 
scarcity of resources » has exerted considerable pressure on educational 
planners to justify their plans and programs for meeting the ever- 
incaneasii^ expectations of their citizenry. Ihis in tuni has resulted 
in a a?itical evaluation of the efficiency of the conventional methods 
of educational resource allocation. 

TV^iaditi£aially» resource allocation in a school district has been carried 
out without a very careful review of alternatives. Typijcally^ the 
department heads suhnit an itenHbyr--iteni budget for the following year 
and er^age in a collective debate on the merits of each request. Some 
cGRQsarison of alternative requests is made and the final allocation is 
worked qut» generally after eadi department head has made cgi^^ 
and concessions. Almost invariably » the original requests are cut by 
sane blanket figure and the department heads are left to mDdify their 
plans accordingly* Such a process, in vdiich planning and bi^ are 
done separately and are brought together only at the time of negotiation 
for funds» is not conducive to a rigorous comparison of the costs aui 
benefits of alternative plans or to the development of coordinated pro- 
grams. E\irthermore» suc^ a process can rarely be used for long->rang^ 
planning. A premising alternative to this methcxi exists in Planning » 
nnogranining9 and Budgeting Systems (FPBS)» ^ch attenipts to bring 
plamingf prqgraniningt £ind budgeting together by considering educational 
objectives^ program definition » alternative plans » and the corresponding 
oodtb. However » before PPBS can effectively be implemented) an evalua- 
tion of future outcomes of alternative planning strategies is necessary. 
As a result) considerable effort haS) tiierefore» been directed towards 
the development of simulation models to evaluate alternative courses of 
actun. 

The bulk of the simulation work on resource allocaticm has been done at 
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Urn universily level. Table 6 iiidicates the bresdtjii and the scope of 
some such vxsrk. Perhaps the best loioMn exan^le is the Caiqa^ehensive 
Analytical Model for Plamiiig in the University Sphere (CAMPUS), 
develqped by Systems Research Group (1971) at IfhB University of 
Tooronto* 

The development work that eventually led to the CIAMPUS model consist- 
ing of a system of simulation models and related information systems 
and budgeting techniques begpn in 196H under the direction of Richard 
Judy, Professor of Eocncmics and Ccmputer Science, and Jack Levine, a 
graduate student working for his doctor's degree in systems research. 
The main objective of the model is to serve as a tool for educational 
adbninistrators l:i the development and analysis of alternative long* 
range plans and annual budgets. As used at the Ifrdversity of Tbrontx), 
the model builds up instruction workloads for each d^)artment yearly 
and calculates th^ resources required to handle the load. It consists 
of four sectic»is: 

(a) Enrollment FonaiLaticn 

(b) Resource Loading 

(c) Space Requirements 

(d) Budgetary Calculations 

Basically, CAMPUS consists of a set of oGmputational routines vMch 
receive the necessary input data, perfom selected OGmputations, and 
produce the resulting output reports (Figure 8). The model is 
initialized by storii^ a variety of data pertaining to the institution: 
its organization structure, cost centers, academic programs, polf^ies 
on lengtlis of teaching week and semester, staff pay, space used for a 
given activity, future trends in enrollment, and aoadcndc policy. Hie 
calculations carried out by the model can be divided into four main 
operations (Systems Research Qctsup, 1971a): 

Operation 1: Osculation of contact hours. Which in turn 
includes the following calculations: 

(a) Calculation of the iiuRiber of st^ to be 
enrolled at each level of each program on 
the basis of: student transitions, the 
nundber of new advanced standing students 
entering college, tiie total rmlbeac' of 
freshmen entering and the percentage dis- 
tribution of these freshnen into various 
programs* 

(b) Ccdculation of tiie nundber of students to be 
enrolled in each course at each level of 
the prc^;ram on the basis of (a) above. 

(c) Determination of tiie total nanber of students 
in each course regardless of the program from 
which they came* 

(d) Calculation of the mniber of sections required 
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far each course by applying the sectijon 
size policy specified for each course. 



(e) CJalculation of the total number of hours 
per \4eek tlat a particular course takes. 

(f ) Calculation of contact hour requirements 
for specific resources on the basis of 
the conputed number of contact hours per 
week for a course and the resource require- 
ments of that course as specified by the 
input. 

Operation 2: Oonversion of contact hours to resources: 

(a) Calculation of the number of teaching 
staff required by considering the policy 
dictating the nuRiber of hours per week 
that staff is required to teach and 
calculation of the total staff contact 
hours necessai7» 

(b) Calculation of rocm requirements on the 
basis of the length of the teaching vieek 
(eoqpressed as ^Oie nuniber of hours per 
week that the physical facilities are 
availaUe for teaching) and a factor 
representing the maxinum xxtilization of 
space to be achieved. Total room require- 
ments are then compared with the room 
inventory to determine shortages and 
surpluses. 

Operation 3: Calculation of supportive resource requirements 
using functional relationshipe between supportive 
resources and Ihe values calculated in Operations 

(1) and (2 ) above . Supportive resources inclxjde — - 

non-teaching staff 9 office space » support space 
(libc«y» cafeteria* etc.)* and other resources 
such as fringe benefits and instnictional supplies. 

Operation 4: Calculation of program costs from the results of 
Operations (1)* (2)* and (3) above and the 
necessary cost inputs. Rrt^gram costs calculated 
are divided into two groups: course costs* and 
prorated overhead costs. 

CAMPUS can provide a variety of output raports depending on user need;^ 
and the level of analysis* a description of sanple raports available 
is contained in Systems Research Group (1971). As is clear frcm the 
preceding discussion* the model has a rather simple conceptual strtic- 
tura and does not explicitly take into consideration chance factors. 
Its power lies in its ability to digest vast amounts of data and to 
perform a wide range of ccmputations to provide output raports suitable 
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for decision making. Ihus, CAMPUS is a large labor-saving device 

can hp. fruitfully used to evaluate alternative courses of action 
and to cany out lopg^range planning. Ihe model is adaptable— despite 
Ifhe wide xvmge of data inputs necessary-*-and has been successfully 
used in over a dozen colleges and universities» bot^ in Canada and the 
Uhited States. 

Szekely et al. (1968) have developed a simulation model of an entire 
school system. Designated '*S.D. IWo»" the model is a generalized 
representation of planning activities in a typical school district 
under stud/. Ihe research done at the Uruversity of Pennsylvania vas 
financed the School District of FhiladeliAiia and by the Ihtennadiate 
Ufiit Planning Project op^i^ted by the Bucks County (Penn^lvania) Board 
of School DirectOES. 

Ihe model^s cves»ll objective is to aid exploration of the consequences 
of alternative resource allocation policies. The computer program con* 
sists of tMD files and a master program. i:he first file contains a 
variety of data for each of the areas into ^ich the school district is 
divided. It includes demographic and resource data (number of schools 
by type» number of teachers, etc. ) pertaining to each area. The second 
file contains technical and administrative data (e.g.» rasources used 
by the progr a m per student, percentage of students to receive the | 
prqgi v un by various categories of students, etc.) required to make 
decisions concextiing an educational program. Input policies are defined 
by speci^ring tte program mix (described in terms of resource require- 
ments) for eadh year to be simulated and by statii^ the allocation niles 
for converting a proposed program mix into an operating prog ra m mix. 
Implementation of a program is specified by designating groups within 
each area to lAiich a par^ticular program applies. However, all polity 
inputs are con s trained by cpeanating budgets, capital budgets, limitations 
on the nundber of teadiars and staff available, teiura, and desire for 
continuity of programs. As the simulation proceeds, it estimates the 
consequences of various policies in tenns of operating e)9enditures, 
capital expenditures, p rogr a m B actually implemented, and dianges in 
student achievciiitt'it . 
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The administrator's desires are taken into consideration by assigning a 
priority of 1, 2, or 3 to a program and by desi|;nating preferred areas 
as '*key" areas; for example, poverty areas. Pviacity 1 programs are 
given full implementation in all areas; priority 2 programs are fiilly 
inplsoented in all "key" areas; and priority 3 programs are implemented 
to the extent that resources permit. The basic simulation run is given 
below: 

Operation 1: i^lication of programs to each area to detennine 
X'esource needs. If needs exceed the budget av€dl- 
able, Uteti a seoond pass is made to adjust tlie 
degree of implementation tin accordance with the 
rules stated in the allocation policy being used. 

Operation 2: Projection of space and equipment needs and com-* 
parison vdtii the future availability of buildings 
and equipnertt now existing, or spm to te^^c^^ 
On the basis of this ooniparison , new resources are 
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allcx^ated to different areas in accordance with 
the policy rules given. 

Operation 3: Pl?6diction of student achievement under the 
operating policy is made and promotion of 
students catried out. Tte changp an achieve- 
ment is hypothesized to be a function of 
"connunication resources*': staff, materials 
and space avedlable in school, and the 
^ioecOTGRdc characteristics of the students* 
home area. 

Operation Surnnarization of yearly operations and updating 
of files. 

This sequence of operations is repeated for each year to be simulated, 
the output of a given year serving as input to the next (Figure 9). 

In evaluating ±be S.D. TSao Model, it should be noted that tiiis is a 
general nodel and can be modified to fit axQr other district. Also note- 
worttqr is the use of student achievenent as an indication of the effects 
of alternative policies, although it does create substantial measurement 
problems and heis necessitated separate research effort directed at more 
adequate prediction of achieveBient changes. (The authors claim that 
tiie model represents policies and programs in enou^ detail to facilitate 
the adiievement predicticm procedure. ) IVesunably, the model is still 
in a developnental stage since there do not appear to be any published 
accounts of onpirical tests. Ifence, it is not possible at this time to 
evaluate tty^ strength of /Oie S.D. Model. 



2. Simulation of (^cmniinity Renewal ftpgnams. 

The era of large-scale, ccmprehensive simulation models for urban plan- 
ning began in the early sixties. Since then, a great nurnber of models 
have been developed tojtadde a >ddej^^ problans , Jxicluding: 

the frod^ location of economic activities^ 

detemdnation of the effect of changing zoning policies, evaluation of 
the impact of slum clearance, and investigation of chan^ in the 
transportation systan. Some excellent reviews of these models are given 
by lee (1968), Kiltaridge et al . (1970), Goldner (1971), Gatanese (1972), 
and Lee (1972). Table 7 indicates the range of models developed to 
date. The bulk of the more recent viork has been directed at the develop- 
ment of simulation models for cGmminity renewal programs; hence, the 
remainder of this section is devoted to a discussion of one such model. 

Early (^Gnnunity Renewal Rcograms (CRP^s) were primarily concerned with 
eradication of the areas of physical blight. In the past, local 
goverrment agencies have typically attad^ their renewal problems on a 
piecemeal basis, focusing only on a single aspect. Iherefore, tradi- 
tional renewal plans have generally been inadequate (and often divisive) 
for dealii\g with the problems of urban development. Through CRP*^, 

however, the scope of urban renewal activities has be^ jmde. sut^ 

tially more CGnqsH^henslve;^^^^^^ development of 
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Figure 9 
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plans and grograms for coordinatijig and integrating diverse sets of 
renewal activities. These studies generally involve four steps 
(Steger, 1S65): (1) development of alternative plans for urban devel- 
opment, (2) selection of alternative renewal programs as a means of 
accaiQ)li£thing the plans, (3) determination of the impacts of each 
alternative, and (H) selection of -ttie preferred alternative. 

During the past decade, a number of cities in the United P^ites have 
tried applying modeling techniques in the preparation of ;.neir CRP's. 
Most notable among these are Pittsburgh and San Francisco. Such models 
generally incorporate a wide variety of urban activities (land use, 
transportation, emplqyment, etc.) and the analysis is usually carried 
out at a veither large areal scale (e.g. , one square mile in the 
Pittsburgh model). Consequently, the level of detail contained in the 
output is not adequate for facilities planning. However, the overall 
approach utilized in these models is of considerable interest; hence, 
a brief review of one such model is presented. The San Francisco model 
is chosen because it focuses on the residential sector, an item of 
particular interest in planning scjiool facilities. 

The San Francisco simulation model was developed by Arthur D. little. 
Inc., \inder contract with -Qie San Ibancisco City Plannix^ Corandssion, 
with the main objective of identifying and assessing the impact of 
alternative, long-grange strategies for renewal and development of the 
City and -the County of San Rrancisco. It attempts to replicate the 
residential market responding to* the supply and demand of housing by 
matching households and dwelling units « Iheir method involves ccRiparix^ 
the preference lists of households with the stock of available housing 
and assigning houses to -those households tiat of f er the hi^iest prices. 
If the supply and demand are not equal, the housing stock is changed to 
meet 1^ excess demand or supply wit^iin the limitations of the financial 
feasibilily of the change. Iha d)ange is performed by an **aging** 
operation (coudied in terms of a first-order Markov process) ifiAich may 
cause tiie construction of additional housii^ and eititer rehabilitation 
or deterioration of a portion of the existing stock. The operation of 
the market may be altered by introducing puUic actions, and in this 
way , the effects of alternative policies and programs can be studied. 
Financial feasibility is determined by comparing the rent-paying ability 
of a pro^)ective tenant with loth the cost of making the change and the 
anticipated future yield of changed housing stock. If -this comparison 
indicates that profits can be realized, -them the computer adds an 
appropriate number of new housing units to the inventory of housing 
stock and coniixites the new conditions tiiat result: shifts in rent levels, 
new market values, changes in the taxbase, modificatic»is to the neighbor- 
hood amenities, etc. Vlt^ all effects have been accounted for, new 
inputs are introduced and the process begins again. An abbreviated flow 
chart of the operation of the housing martet is shown in Figure 10. 

Inputs to the model are an inventory of housing stock axvi certain land- 
use categories, such as vacant land vdiich nay potentially become 
residential. Ihe housing stodk is differentiated as follows: 

(a) Housing type 
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. sugle family, nultiple family 

• number of roans per dwelling unit 

• owner or reenter occupied 

• value or rent 

(b) Oonddtion 

(c) Location 

Demand for housing is generated by households vdiich are differentiated 
on the basis of attributes ^id/dh include: 

(a) Household type 

(b) Number of membere in household 

(c) Ijicone 

(d) Race 

(e) Occupation 

(f ) Rent-paying ability 

The nuRiber of households in dach category is predicted exQgenously for 
each iteration of the model. Associated with each household type is a 
preference list. 

Public action can take several forms as iidicated in tiie three general 
categories below: 

(a) Direct cfpetatiom in the market 

• purchase of property by government 

• sellii^ of property by govemnent 

4 maintaining or upgrading govemnent property 

• danolition of govemnent property 

• site in^srovements by gpveimnent 

• construction for public or private use 

• leasing of property to private sector 

(b) Indirect operations on the market 

• restriction of private occupancy changes 

• tax rate and assessment 

• cash subsidies to households 

• rent control 

• mortgage and loan insurance 

• reduction in tiie cost of financing housing construction 

(c) E)ctra-market decisions 

• code enforcement 

The model was use-tested using the total quantity of new oonstniction 
as primary control variable. As Table 8 indicates » the simulated 
results of new construction ccnpare quite favorably with the actual new 
construction » but there is a tendency to underestimate sij')gle«*family 
dwelling units (Table 9). Tests were also made by introducing a six- 
year housing code enforcement program proposed for the San TreDcisco 
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TABI£ 8 
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CRP, with a control nm without such a public policy. Results revealed 
tiiat the code enforcenent program would affect about 5,000 dwellijig 
units which woild be upgraded fran substandard to stand?ird. This iiapcwe^ 
ment in quality would be acccn^anied by an increase in rentals for 
substandard units, indicating the need for a provision of low-cost 
housing to acooipany the i n troduction of this particular code enforcement 
pro^raon* 

While the above results are generally satisfactory, subsequent tests of 
the model using a differe n t data set showed that previous ag^ceement on 
totals had been achieved fton large oompensating erroi^s in subcategories 
and tbat seme categories showed errors of well over 100 percent (San 
Tremoisco Departinent of City Planning, 1968). Ihe City estimates that it 
would take a further sum of $250,000 to get its already opearaitional model 
ready for potential use. Any fusrther development of the model, therefore, 
has ccme to a stop for the time being. 



in. OQNCUJSION 



A review of some selected simulation models pertinent to the problems 
of plannii^g educational facilities has been presented in the precedine 
sections. The rax^e of existing work varies substantially » not only 
in the types of problems tackled^ but also in the approaches utilized^ 
the level of sophistication attained^ and the results obtained. Yet, 
uhile the potential utility of the technique of computer simulation is 
high, success with its use for planning purposes has been limited. A 
larg^ rumber of models have been developed, but many have not been fully 
operationalized aid/or . tested. Only a few sudi models are actually 
used for planning purposes. 

By far the lasrg^st number of simulation models have been developed in 
the field of urban planning* a sigiifioant pcopartion being OGRQsrehen- 
sive models. These models are rldi in their conceptual elegance; 
however, tihey have not lived up to the hig^ hopes of their creators and 
a new generation of urban plamers is seriously questioning their 
utility (e.g., Lee [1972]). As Ingram (1971) points out, the disappoint- 
ment with tirban simulation models results largely ftxxn unrealistic 
expectations about i^t could be quiakly learned from such models, a 
serious underestination of the difficulties involved in oonstnicting 
operational models, and the lack of an adequate, long-term financial 
ocnmitment to their development. Oonpared to comprehensive models, 
special purpose models have fared much better. A nuRiber of them have been 
made operational and use-tested with encouraging results. 

In tiie field of educational planning* considerable use has been made of 
simulation models, although most su^ models deal with facility aspects 
only indirectly. Their use has been particularly successful at the 
university level, for a variety of reasons: the simplicity of the models 
utilized, the relatively **cl06ed" nature of xjniversity systems oonpared 
to public sdiool systems, the presence of foraard-loddng aietadnistrators, 
the availability of technical oonpetence and advanced computing systems, 
and the existence of an envi r oanme nt that is conducive to research and 
development. 

The use of simulation models for sdiool facilities planning has lagged 
far behind their use in other fields. This lag is no doubt a consequence 
of the current state-of-tiie-art in school facilities planning with its 
heavy emphasis on check lists and procedural guidelines at the neglect of 
the model building approadi. Consequently, it can reasonably be expected 
that as the field of educational facility planning beoomes more system* 
atic and scientific, the use of simulation models will increase. 
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